This pilot study assessed knowledge of blood pressure among employees in a midwestern manufacturing plant. The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) guidelines were used to define blood pressure categories . The Roy Adaptat ion Model served as the framework . Results indicated two statistically significant relationsh ips-one between knowledge of blood pressure and employees taking blood pressure medication, and one between employees' knowledge of blood pressure readings and increased interest in learning about lifestyle modifications impacting blood pressure. Of those correctly identifying the blood pressure ranges for prehypertension, 94.4% indicated interest in learning about lifestyle modifications to improve blood pressure . Occupational health nurses in industr ial settings have a unique opportunity to influence employees' blood pressure knowledge, which can propel employees to consider lifestyle modifications or wellness programs that may favorably impact indirect and direct costs.
Report of the Subcommittee on Definition and Prevalence of the 1984 Joint National Committee" ("Hypertension Prevalence, 1985) , a life insurance study by the Society of Actuaries, found a correlation between blood pressure readings indicating hyperten sion and increased mortality for individual s with cardiovascular disease. This study also documented the link between elevated blood pressure and illnesses such as stroke and kidney disease (Moore, 2005 ) . These disea ses impact direct and indirect costs that affect both employees and employers (Kessler, Greenberg, Michel son, Meneades, & Wang, 200 1) .
If hypertension were controlled to the levels recommended by the Joint Nation al Committee on Prevention , Detection, Evaluation, and Treatment of High Blood Pressure (JNC), a maximum of 56% of cardiovasc ular event s among men and 57 % among women could possibly be prevented (Wang & Vasan, 2005) .
Applying Research to Practice
Occupational health nurses must not assume that age, gender, or a diagnosis of abnormal blood pressure influence employees' knowledge of blood pressure. Assessing and evaluating what employees know about their blood pressure will guide development of educational programs to assist them to more effectively cope with elevated blood pressure and demonstrate adaptive behaviors to lower blood pressure. Many occupational health nurses have the opportunity to regularly assess and monitor employees' blood pressure and provide education. If elevated blood pressure were controlled to recommended levels, cardiovascular events could possibly be prevented.
JNC is recognized as the authority for blood pressure guidelines. Prior to the publication of blood pressure guidelines, the general public and health care providers were not aware of the relationship between lowering blood pressure and reducing mortality due to cardiovascular disease (Textor, Schwartz, & Frye , 2003) . Since its first published report in 1977, JNC has continued to update blood pressure guidelines based on the most current studies and clinical observations; however, the classifications in the current JNC report (JNC 7) have caused confusion by reclassifying "normal" blood pressure as less than 120 systolic and 80 diastolic (Textor et aI., 2003) . This confusion is important because if employees do not understand blood pressure readings, they cannot recognize them as normal, prehypertensive, or hypertensive as outlined by JNC 7 guidelines (Table  I) . Thus, employees would be unaware of when and how they should adapt their behaviors to achieve normal blood pressure readings.
It is through the understanding of blood pressure readings that effective strategies and interventions can be developed to engage individuals in the management of their health (Oliveria, Chen, McCarthy, Davis, & Hill, 2004) . This pilot study assessed employees' knowledge of blood pressure and indicates the need for education about blood pressure and lifestyle changes. The results of this study may serve as a guide for occupational health nurses to direct future lifestyle change, as well as additional research related to blood pressure knowledge according to JNC 7 guidelines. Employees who understand their blood pressure readings are more inclined to follow a therapeutic treatment plan that includes lifestyle changes (Pickering et aI., 2005) .
The specific aims of this study included : a) To assess the blood pressure knowledge (stimuli) of employees in a midwestern manufacturing plant using the Roy Adaptation Model. Hypothesis I. The older individuals are, the more knowledgeable they will be about blood pressure readings.
Hypothesis 2. Females will be more knowledgeable about blood pressure readings than males.
Hypothesis 3. Individuals who have been told their blood pressure readings by health care providers will be more knowledgeable about blood pressure readings than those who have not been told.
Hypothesis 4. Individuals taking medication for blood pressure will be more knowledgeable about blood pressure readings than those who do not take medication.
b) To determine if employees in a midwestern manufacturing plant know that lifestyle changes can have an adaptive effect on blood pressure.
Hypothesis 5. Individuals who are knowledgeable about blood pressure readings will have an increased interest in learning about lifestyle changes that affect blood pressure.
LITERATURE REVIEW
The literature review incorporated Google Scholar (1997 through September The key words used in the searches (without Boolean logic) were blood pressure, prevalence, awareness, knowledge, and populations (i.e., blood pressure, prevalence; blood pressure, awareness).
Articles were selected using the following criteria: a) research articles written in English that evaluated the general public's blood pressure knowledge; b) studies had to include populations living in the United States or were conducted in the United States; c) and studies were conducted between 1997 and September I, 2006. In 2006, when this study was conducted, no research studies were found regarding the general population's knowledge of the JNC 7 guidelines. Therefore, the year 1997 (when the JNC 6 guidelines were published) was chosen as the end point of articles reviewed. Only four articles met the criteria outlined (Table 2) .
5tudyAims
Aim 1. To assess the blood pressure knowledge (stimuli) of employees in a midwestern manufacturing plant using the Roy Adaptation Model.
The 2003 JNC 7 blood pressure guidelines made significant changes to blood pressure classifications compared to the previous, 1997 JNC 6, guidelines (Hurley, 2003) . None of the four studies (Table 2 ) examined the knowledge of blood pressure among workers in a manufacturing plant (Hajjar & Kotchen, 2003; Lee, 2007; Marques-Vidal & Tuomilehto, 1997; Oliveria et aI.,2004) .
Knowledge of hypertension varied among age groups. Hajjar and Kotchen (2003) found that those 18 to 39 years old had the lowest level of hypertension awareness. Lee (2007) only examined the older population and did not focus on determining a direct relationship between blood pressure knowledge and age. The idea that older populations have better knowledge of blood pressure was examined in only two of the four studies (Marques-Vidal & Tuomilehto, 1997; Oliveria et aI., 2004 ).
Women's and men's knowledge of blood pressure were compared in two studies (Lee, 2007; Marques-Vidal & Tuomilehto, 1997) . Marques-Vidal and Tuomilehto (1997) found that of the 24 studies reviewed, all but two studies showed that hypertensive women have better blood pressure knowledge than hypertensive men. Lee (2007) found no difference between men's and women's blood pressure knowledge.
All four studies explored blood pressure knowledge among individuals whose health care providers had told them they had hypertension (Hajjar & Kotchen, 2003; Lee, 2007; Marques-Vidal & Tuomilehto, 1997; Oliveria et aI., 2004) . The studies found that at least 50% of those diagnosed with hypertension were more knowledgeable about their own blood pressure than those not diagnosed (Hajjar & Kotchen, 2003; Lee, 2007; Marques-Vidal & Tuomilehto, 1997; Oliveria et aI., 2004) .
These same studies investigated blood pressure knowledge in relation to taking medications for blood pressure (Hajjar & Kotchen, 2003; Lee, 2007; Marques-Vidal & Tuomilehto, 1997; Oliveria et al., 2004) . Lee (2007) found no relationship between blood pressure knowledge and taking medications for blood pressure. However, Lee (2007) did find increased blood pressure knowledge among those taking blood pressure medications and with controlled blood pressures « 140/90 mmHg).
The four studies had common limitations. First, different blood pressure classifications were used to assess blood pressure knowledge (Hajjar & Kotchen, 2003; Lee, 2007; Marques-Vidal & Tuomilehto, 1997; Oliveria et aI., 2004) . Second, these studies' findings are not generalizable to other populations (Hajjar & Kotchen, 2003; Lee, 2007; Marques-Vidal & Tuomilehto, 1997; Oliveria et aI., 2004 2003; Lee, 2007; Marques-Vidal & Tuomilehto, 1997; Oliveria et aI., 2004 Only one of the four studies investigated blood pressure knowledge in relation to lifestyle changes (Oliveria et aI., 2004) . Oliveria et aI. (2004) found that individuals were more interested in lifestyle changes when their blood pressure knowledge increased. None of the studies examined blood pressure knowledge related to participants' interest in learning more about specific lifestyle changes (Hajjar & Kotchen, 2003; Lee, 2007; Marques-Vidal & Tuomilehto, 1997; Oliveria et al., 2004) .
METHODOLOGY
A university institutional review board approved this quasi-experimental pilot study at a midwestern manufacturing plant. The plant was selected because the employee population's gender and ethnicity distribution mirrors that of the city and state (Table 3) in which the plant is located. The Roy Adaptation Model was the conceptual framework for this study (Roy & Andrews, 1991 ). Roy's model indicates that an individual will strive to be whole by coping adaptively to environmental stimuli. It was therefore essential to first assess the blood pressure knowledge of employees because individuals' knowledge of blood pressure was the stimuli.
The Blood Pressure Knowledge Assessment Survey ( Fig. I ) was the tool developed to measure the stimuli. The correct response (two times) for "Select one that best describes the blood pressure for prehypertension" and "How many times does your blood pressure need to be taken by a health care provider to be categorized as normal, prehypertension, or hypertension (Select one answer)?" was given a score of 1 and the other responses were given a score of 0 because they were not correct. The survey item regarding the number of participants taking antihypertensive medications was recoded for this analysis. Participants who answered "yes" were compared with participants who answered "no" or "not sure." Self-reported blood pressure was recoded into the following classifications: normal, prehypertension, hypertension, or not enough information, which combined "never been told" with missing data for the blood pressure reading.
Application of the Roy Adaptation Model
According to the Roy Adaptation Model, if employees have the appropriate stimuli (in this case, blood pressure knowledge), the observed behavior will be adaptive (Roy & Andrews, 1991) . The adaptive behavior will manifest itself as healthy lifestyles contributing to normal blood pressure. Thus, the first step is to assess employees' blood pressure knowledge. Figure 2 is the investigators' depiction of how the Roy Adaptation Model relates to this pilot study.
Knowing blood pressure readings and whether those readings are normal, prehypertensive, or hypertensive may serve to motivate employees to seek treatment or to learn more about therapeutic lifestyle changes. The industrial setting is often perceived by employees as a convenient location in which to participate in health promotion education including exercise, nutrition, and stress management. In the industrial setting, employers also have an interest in maintaining the health of their work force. Flack and colleagues said that a healthy work force means less absenteeism and potential reductions in health care expenses for employers (Wang & Vasan, 2005) . Thus, it is of value to both employees and employers to assess blood pressure knowledge of employees and provide educational programming as directed by the health needs of employees.
Data Collection
The survey (Fig. I) was developed by the investigators and evaluated by a biostatistician and a health science librarian for appropriate style and reading level. The study participants were 18 years or older, working at a midwestern manufacturing plant, and able to read English. The survey was available to employees for I week at both entrances to the plant and in health services. Employees had the opportunity to return completed surveys to a secured, non-retrievable (except by the investigators) collection box at the same employee entrances and health services for I week after the surveys were distributed. The surveys were collected from all three collection sites and kept in a locked cabinet for 2 years post-study, at which time they were destroyed.
Ethical Considerations
Participation in this study was voluntary; the identity of the respondents was not collected. Returned surveys implied consent to participate in the study. No perceived benefits or risks to the participants were identified, and confidentiality was not breached.
Sampling
Convenience sampling resulted in 62 participants from a potential 800 employees. The final sample size met the Central Limit Theory (Gravetter & Wallnau, 2005) of 30 participants. Thus, the effect size was adequate to show significance with the least amount of Type II error.
Data Analysis
Survey results were entered into and analyzed using SPSS software, 15th edition. Missing data were limited. One survey had age group missing and one survey had gender missing. Thirty-nine (62.9%) of the 62 respondents did not provide a self-reported blood pressure reading. Because less than 5% (3) of all participants were 60+ years old, the age ranges were adjusted to incorporate those 60 years or older in the new category of 50 or older. The new category included 29.5% of participants. The four age ranges were used in the statistical analysis for this study. The largest age group was 40 to 49 years. Demographic data from the sample indicated that 42.6% of the participants were male and 57.4% were female.
RESULTS
The investigators used non-parametric tests to analyze the nominal (categorical) data for each of the hypotheses. When the analysis involved two variables, each with only two categories, Fisher's exact test was used. When at least one of the variables had more than two By completing the following survey, I am agreeing to take part in a research study. I understand that if I agree to take part in this project, I can change my mind and quit at any time. I can also choose not to answer any questions on the survey. If I decide not to be in this project, it will not affect services I might receive. All answers will be kept secret and the survey does not include information that could identify me. I understand my answers will be grouped with those of others taking part in this research. categories, the chi-square test was used. An alpha level of 0.05 was set for all non-parametric tests. Because the research questions specified the expected direction of the findings, one-tailed tests were used. The first item was, "Select one that best describes the blood pressure for prehypertension,' The highest percentage (38.9%) with the correct response (120/80 to 139/89 mmHg) was found in the 50+ age group, and the second highest (27.3%) was in the 18 to 29 age group (Table 4) . However, the relationship between knowledge of blood pressure readings and an individual' s age was not significant (chi-square = 2.559, p = .232).
The second item was, "How many times does your blood pressure need to be taken by a health care provider to be categorized as normal, prehyperten sion, or hypertension (Select one answer)?" Again, the relationship between knowledge of blood pressure readings and an individual's age was not signifi cant (chi-square = 3.536, p =.158).
Hypothesis 2. Females will be more knowledgeable about blood pressure readings than males. The first survey item used for this analysis was, "Select one that best describes the blood pressure for prehypertension,' Females averaged 25.7% correct and males averaged 34.6% correct. This difference was not statistically significant (Fisher 's exact test, p =.318).
The second survey item was, "How many times does your blood pressure need to be taken by a health care pro- To determine the number of participants who had been informed about their blood pressure, item four on the survey was recoded. Item four states, "Have you been told by a health care provider that your blood pressure is . . . high, normal, low, or never been told." For this analysis, participants who had "never been told" were compared to all other participants (high, normal, and low). No statistically significant difference was found indicating a relationship between knowledge of prehypertensive blood pressure readings and an individual's being told blood pressure readings by a health care provider (Fisher's exact test, p = .246).
The second survey item was, "How many times does your blood pressure need to be taken by a health care provider to be categorized as normal, prehypertension, or hypertension (Select one answer)?" Although 53 participants indicated they were told the classification of their blood pressure by a health care provider, only 6 (11.3%) of the 53 correctly identified the number of times blood pressure needs to be taken by a health care provider to be accurately classified. This finding was not statistically significant (Fisher exact's test, p = .413).
Hypothesis 4. Individuals taking medication for blood pressure will be more knowledgeable about blood pressure readings than those who do not take medication. Item five from the survey asked, "Are you taking medications for your blood pressure?" Those participants who classified the blood pressure range for prehypertension correctly included 23.1 % of those not taking blood pressure medication and 60% of those taking blood pressure medication. A statistically significant relationship between knowledge of prehypertension blood pressure readings and individuals taking blood pressure medication was found (Fisher's exact test, p =.028).
The second survey item was, "How many times does your blood pressure need to be taken by a health care AAOHN JOURNAL· VOL. 59, NO.6, 2011 provider to be categorized as normal, prehypertension, or hypertension (Select one answer)?" Only six participants correctly answered this question and only one of the six was taking blood pressure medication. This finding was not statistically significant (Fisher's exact test, p =.669).
Hypothesis 5. Individuals who are knowledgeable about blood pressure readings will have an increased interest in learning about lifestyle changes that affect blood pressure. The survey item used for this analysis was, "Select one that best describes the blood pressure for prehypertension," Table 5 shows the comparison between participants who indicated an interest in learning about lifestyle modifications to improve blood pressure and those who indicated no interest in terms of participants' ability to correctly identify blood pressure ranges for prehypertension. For those participants who correctly identified blood pressure ranges for prehypertension, only 5.6% indicated no interest in lifestyle modifications to improve blood pressure, and 94.4% indicated they were interested. For those participants who did not know the blood pressure range for prehypertension, only 59.1% were interested in learning about lifestyle changes, a statistically significant finding. Thus, a relationship between individuals' knowledge of blood pressure readings and an interest in learning about lifestyle changes that affect blood pressure was found (Fisher's exact test, p = .005).
The first three hypotheses tested with non-parametric tests were rejected based on the survey results for this quasi-experimental pilot study. However, the results for the fourth and fifth hypotheses analysis indicated a statistically significant relationship and therefore the hypotheses were accepted.
Additional Findings
Item three of the survey,"Last blood pressure," resulted in a response rate of only 37%. The low response rate could be attributable to several confounding factors. First, participants may not have known how to write their blood pressure reading. Second, due to ambiguity in the wording of the item, participants might not have understood that their actual blood pressure reading results were being requested. Third, participants may not have known their blood pressure readings. Further research studies are needed to explore if individuals do not know their blood pressure readings or, if they do know, why they would not accurately report their blood pressure readings on the survey.
Item four, "Have you been told by a health care provider that your blood pressure is" high, normal, low, never been told, or missing data, was compared to self-reported blood pressure. Analysis of data unrelated to the testing of the study's hypothesis revealed that of participants told by a health care provider that their blood pressure readings were normal, 25.6% had a self-reported blood pressure categorized as prehypertensive and 2.6% of these participants had a self-reported blood pressure categorized as hypertensive (Table 6 ). Of participants who had been told by health care providers that they had high blood pressure, 18.2% self-reported a blood pressure categorized as normal. A confounding factor for this phenomenon is that these participants are taking blood pressure medications and may now be in control. Although statistical testing was not performed due to lack of a hypothesis, this is an important clinical finding.
DISCUSSION
This quasi-experimental pilot study at a midwestern manufacturing plant has limited generalizability due to small sample size and limited number of participants in the 60+ age category, even though the working population of the plant mirrored county and state populations (Table 3 ). This sample does not necessarily mirror other manufacturing plants, counties, or states.
The distribution of respondents who did not report blood pressure readings was a potential limitation in terms of the omissions that may have affected the cell count in the non-parametric testing and resulting statistical significance. The Central Limit Theory was met by having more than 30 respondents; however, less than 10% of the 800 surveys were returned. Small sample size (n = 62) negated the ability to examine patterns and confidently assess statistical significance.
IMPLICATIONS FOR NURSING PRACTICE
This study is research and evidence based; thus, it has implications for furthering the body of knowledge and influencing occupational health nursing practice. Health care workers should be knowledgeable about current treatment for and classifications of blood pressure. Findings from this study support the need to measure what employees know and do not know about blood pressure. This study reinforces that occupational health nurses should not assume that age, gender, or a diagnosis of abnormal blood pressure influence employees' knowledge of blood pressure readings.
Abnormal blood pressure is the precursor to costly diseases. These diseases impact direct and indirect costs that affect employees and employers (Kessler et aI., 200 I) . Many occupational health nurses have the opportunity to regularly assess, educate, and monitor employees' blood pressures. Once an employee's elevated blood pressure is identified, the occupational health nurse is an effective vehicle through which both the employee's and the employer's interests can be addressed. One way to address these interests is through therapeutic lifestyle modification programs that may potentially lead to a healthier employee population by empowering employees to play more active roles in collaboration with their health care providers to reach and maintain optimal blood pressure readings. Finally, the industrial setting offers a unique opportunity to influence employees' blood pressure while also positively impacting employers' direct and indirect costs.
CONCLUSION
The importance of hypertension as it relates to disease has been documented in research (Table 2) . According to Textor et al. (2003) , treatment of hypertension has reduced the mortality rates from stroke and cardiovascular disease. If workers' knowledge of blood pressure (stimuli, according to the Roy Adaptation Model) is deficient, they will potentially reflect ineffective coping, resulting in abnormal blood pressure readings. This study, by determining workers' knowledge of blood pressure, can guide the development of educational programs to assist individuals to cope more effectively with elevated blood pressure readings and demonstrate adaptive behaviors to lower elevated blood pressure.
Education might be a variable to consider for future studies. Age, gender (as related to Roy's Physiological Mode), and being informed by a health care provider of blood pressure readings (as related to Roy's Interdependence Mode and Self-Concept Mode) did not show significant effects on the participants' knowledge of blood pressure (Fig. 2) . The majority (94.4%) of the participants who correctly identified blood pressure range for prehypertension indicated they were interested in learning more about lifestyle modifications to improve blood pressure (as related to Roy's Role Function Mode) (Table 5 ). Participants taking blood pressure medication did demonstrate a significant increase in blood pressure knowledge. A majority of the participants, 39 of the 62, did not know their blood pressure readings. When participants did report blood pressure readings, the survey results indicated that they either did not understand or were not told by their health care provider that their blood pressure was elevated. Therefore, knowledge of blood pressure is critical for successful blood pressure management.
This pilot study laid a foundation for future research regarding workers' blood pressure knowledge. It may also serve to clarify blood pressure-related educational needs through corporate wellness programs that focus on AAOHN JOURNAL· VOL. 59, NO.6, 2011 lifestyle changes in the employee population. This study may further enlighten occupational health nurses regarding what individuals know and what they should know about their blood pressure.
